Prophase I Events Are Not Affected by ZmSGO1 Depletion
Immunostaining of ZmSGO1 in wild-type meiocytes revealed a localization of the protein on the chromosomes as early as leptotene, a timing earlier than in other organisms [6, 9, 24]. Therefore, it is possible that ZmSGO1 has a prophase I function. We used threedimensional (3D) deconvolution light microscopy and fluorescence in situ hybridization (FISH) to compare zmsgo1-1 chromosome behavior to that of wild-type. As in wild-type nuclei, at the leptotene-zygotene transition in zmsgo1-1, leptotene chromosomes formed, FISH centromere foci elongated, and telomeres clustered to one pole of the nucleus, organizing a structure called the "Bouquet" (Figures 3A and 3D; [25] ). At pachytene in both zmsgo1-1 and the wild-type, homologous chromosomes paired, as monitored by the presence of a single 5S focus in the nucleus (Figures 3B and 3E). At metaphase I, centromere foci were aligned on both sides of the metaphase I plate in both the wildtype and zmsgo1-1 cells (Figures 3C and 3F) . Finally, as monitored by transmission electron microscopy (TEM), the extent of the synaptonemal complex was similar in both the wild-type and the zmsgo1-1 mutant ( Figures  3G-3I ). On the basis of these observations, we concluded that, although ZmSGO1 is recruited early to the chromosomes, ZmSGO1 depletion does not affect chromosome structure and behavior at prophase I and In zmsgo1-1 and zmsgo1-2, no ZmSGO1 staining We used 3D deconvolution light microscopy, FISH, and α-tubulin immunolocalization to monitor centromere was detected during meiosis ( Figures 2I-2O ). Figure 3N ). To confirm this result, at telophase I, we counted 7 ± 2 centromere foci in the wild-type both poles of the spindle, in a merotelic configuration, preventing them from properly segregating to either versus 13 ± 3 centromere foci in zmsgo1-1, showing that in zmsgo1-1 most chromatids are individual (Figspindle pole (Figures 3U and 3V ). As cells progressed into cytokinesis, the phragmoplast formed and many ures 3K and 3O). At prophase II, wild-type chromosomes still had an X shape, and centromere foci were chromatids were trapped in it ( Figures 3W and 3X ). On the basis of these data, we propose that ZmSGO1 is still close to one another ( Figure 3L ). In contrast, individual chromatids were present in zmsgo1-1 ( Figure 3P) . required for maintenance of centromeric cohesion before prophase II and correct segregation of chromatids Maintenance of centromeric cohesion until metaphase II in the wild-type allowed the correct segregation of during meiosis II. chromatids at anaphase II ( Figure 3M ). In zmsgo1-1, an incomplete metaphase II plate was observed ( Figure  ZmSGO1 Recruitment Requires AFD1/ZmREC8 To investigate the relationships between sister chroma-3Q). Single chromatids were observed easily at this stage, and by using FISH we could see that the 5S tid cohesion (SCC) and the control of recruitment of ZmSGO1 to the chromosomes, we immunolocalized rRNA locus was carried on two dissociated chromatids ( Figures 3Q and 3R) . In zmsgo1-1, chromatids did not ZmSGO1 in different maize mutants impaired in synapsis and/or cohesion. The dsy9906 mutant exhibits sesegregate at anaphase II. At telophase II, chromatids began to decondense and formed several independent verely deficient synapsis at pachytene, has univalents instead of bivalents at diakinesis, and displays missegnuclei ( Figure 3S ). Some chromatids did not move out of the spindle midzone when the phragmoplast was regation of chromosomes at anaphase I as a result of an inability to align at the metaphase plate [28, 29] . formed. Their presence interfered with the formation of the cell wall separating the daughter cells ( Figure 3T) .
However, centromeric cohesion is maintained. In dsy9906, ZmSGO1 was still localized to centromeres In zmsgo1-2, a smear acetocarmine technique showed that chromosome defects during meiosis II look similar from leptotene until metaphase I. As a result of the presence of univalents instead of bivalents, we could to the ones observed in zmsgo1-1. However, some X-shaped chromosomes were observed at prophase II, count more than ten foci from zygotene to diakinesis ( Figure 4A ). These observations suggest that tension suggesting that zmsgo1-2 is a weaker allele than zmsgo1-1 ( Figure S2) . due to bipolar chromosome attachment to the spindle is not required for maintenance of ZmSGO1 at the cencohesion [30] . To detect ZmSGO1 foci in afd1, we enhanced the signal intensity as shown by the high cytotromeres.
Conversely, the afd1-1 mutant exhibits deficient synplasmic background signal ( Figure 4B ). However, no ZmSGO1 immunostaining was observed in afd1-1 (Figapsis and an equational chromosome segregation at anaphase I, including complete loss of sister chromatid ure 4B). Given that afd1 is a mutant in the maize rec8 Meiotic chromosome pairing in maize is associated with a
